Abstract This review paper explores the potential of commercial production and application of Acacia wood-polylactic acid (PLA), and Acacia wood-polyhydroxyalkanoates (PHA) bio-composites. The factors affecting the mechanical and physical properties of these materials were identified and deliberated. It was found that Acacia wood has the prospective to be efficiently produced and used in Borneo. It can be used in a variety of applications, including but not limited to: fire breaker, timber resource, furniture production, soil re-conditioning, and as reinforced materials. Since, today, there is heightened awareness regarding sustainability, manufacturers are driven towards producing completely biodegradable products that are created using PLA and PHA bio-composites. This review provides an overview on the performance of the existing composites and bio-composites, and their implementation and utilization, while focusing on the Borneo region.
Introduction
Acacia mangium and Acacia auriculiformis are the Mimosoideae sub-family species of leguminous tree. Acacia mangium is also considered as Fabaceae, pea flowering tree family species. Back in 1967, the species of Acacia was introduced as a firebreak known, the wood rapid growth does not affect the wood density directly, and to date, there still no consistent relationship can be found between wood density and growth rate in diffuse-porous hardwoods [15, 16] . Zobel and Jett [17] reported that the fiber wall thickness may be related to the specific gravity in diffuse-porous hardwoods. Despite the fact, Bowyer et al. [16] showed that wood tends to shrink more when it is high in density. As compared with Mohd Hamami and Semsolbahri [18] , their result showed that the shrinkage is 3.30%, which is less than the value recorded by Jusoh et al. [14] at 5.74%.
Rokeya et al. [19] got the average values of physical properties of Acacia hybrid in air-dry and green condition. From the obtained data [19] , the volumetric shrinkage and specific gravity of Acacia hybrid was around 9.71 and 0.56%, separately. Meanwhile, according to Sattar et al. [20] , the volumetric shrinkage and specific gravity for Acacia auriculiformis was 8.01 and 0.61%, and that for Acacia mangium was 7.01 and 0.52%. In Malaysia [21] , 4-year-old Acacia hybrid specific gravity was recorded to be 0.51. Yakub [22] obtained data which indicated that the volumetric shrinkage of Acacia hybrid was more than the Tectona grandis.
Mechanical properties
Jusoh et al. [14] found out that the second generation of Acacia mangium showed slightly lowest modulus of rupture (MOR) of 55 N/mm 2 and modulus of elasticity (MOE) of 8185 N/mm 2 , than the Acacia mangium, 78 N/mm 2 and 9992 N/mm 2 , respectively. Thus, this showed that the factor that affected the low strength in the second generation of Acacia mangium is the low density, which is also supported by Bowyer et al. [16] and Panshin and De Zeeuw [23] . However, there is not much difference showed in the compression and static bending parallel to grain among Acacia hybrid, Acacia auriculiformis, and Acacia mangium. Based on the study made by Mohd Shukari et al. [24] , 6-year-old Acacia mangium and 4-year-old Acacia hybrid showed similar strength.
Comparing the strength values of Acacia hybrid among various researchers, the reported strength values are not consistent. Data recorded from Mohd Shukari et al. [24] showed higher strength, while slightly lower values were shown by Mohd Hamami and Semsolbahri [18] . This may be caused by several factors, such as geographical difference, growth rates, age, and genetic details [15] . However, Acacia mangium, Acacia hybrid, and Acacia auriculiformis do not show any significant difference in their strength properties. Thus, this showed that Acacia species have nearly similar in strength. An exception was found on the secondgeneration Acacia mangium, which showed significant lower strength compared to the other reported Acacia species. This may be due to the lower density which it had compared to other species of Acacia's.
Using samples in green and air-dry conditions, Rokeya et al. [19] found that the Acacia hybrid [MOR: 734 kg/cm 2 . Comparing three types of Acacia species, namely, Acacia hybrid, Acacia auriculiformis and Acacia mangium, the modulus of elasticity, and modulus of rupture of Acacia hybrid, was found to be greater. The reported modulus of elasticity and modulus of rupture for Acacia auriculiformis and Acacia mangium were 652 and 658 kg/cm 2 , and 79 and 83 kg/cm 2 , respectively [20] . However, in Malaysia, according to Laurila [21] , using samples of 4-year-old Acacia hybrid, the modulus of elasticity and modulus of rupture were reported as 82.83 and 713.47 kg/cm 2 . Rokeya et al. [19] also reported that the hardness of various types of Acacia species increased from Acacia mangium (337 kg), to Acacia hybrid (458 kg), and to Acacia auriculiformis (572 kg). Even though the mechanical properties of Acacia hybrid for cleavage in both air-dry and green conditions were found to be comparable to normal timber testing values, both radial and tangential cleavage values under air-dry conditions were higher than the values under green conditions. In some cases, the perpendicular to grain tension and toughness values were lower. However, in general, the tested species were found to have satisfactory performance for different purposes [19] .
Polylactic acid
Polylactic acid is categories under the aliphatic polyester family, which is usually produced from a-hydroxy acids. Polyglycolic acid or polymandelic acid may be included in it, which is considered to be biodegradable and compostable. PLA is thermoplastic, high-modulus, high-strength polymer that can be made from annually renewable resources, which yield better properties for medical device in the bioabsorbable and bio-compatible aspects [25] . Furthermore, it is easily processed on standard plastics processing equipment to yield molded parts, fibers, or films [26] . It is known that PLA mechanical properties and crystallization behavior are dependent on the stereo-chemical makeup and molecular weight of the backbone, especially the stereo-chemical makeup, which is easily controlled from the polymerization of L-Lactide, D-Lactide, D,L-Lactide, or meso-lactide, which form a block or random stereo-copolymers [26] . According to Hartmann [26] , even though the molecular weight is controlled directly by the addition of hydroxyl compounds (i.e., alcohol, water, and lactic acid), the architecture of the stereo-chemical, the degree of crystallinity, and the processing temperature can be controlled, so that it achieved the desired overall mechanical properties of the material. Due to the impermeability of the crystalline region [27, 28] , highly crystalline PLA will take months to hydrolyze to lactic acid, while amorphous PLA will take weeks to degrade.
Pure poly(D-Lactide) or poly(L-Lactide) is known to have equilibrium melting point of crystallization up to 207°C high [29] [30] [31] , whereas the typical melting point is in the range of 170-180°C. This may be due to the impurities, slight racemization, and imperfect and small crystallites. The mixture of 1:1 ratio of pure poly(D-lactide) and pure poly(L-lactide) yields an insoluble gel stereo-complexation (racemic crystalline) during polymerization at 230°C and has greater mechanical properties than either both types of pure polymer [32] [33] [34] [35] [36] [37] [38] . It has been reported that ultimate tensile strengths were at 50 MPa for 1:1 stereo-complex lower molecular weight PLA compared to pure L-PLA at 31 MPa [32, 33] .
Polyhydroxyalkanoates
Naturally occurring bio-polyesters synthesized by microorganism are called PHA. According to Anderson and Dawes [39] , PHA was first discovered by Lemogine in 1962 and was continually attracted to researchers and industries for commercialization, due to its chemical-diversity, bio-compatibility, biodegradability, and its renewable carbon resources [40] . Typically, a molecule of PHA contained of 600-35,000 (R)-hydroxyl fatty acid monomer units [41] . Each monomer unit harbors a side chain R group, which can take the form of unsaturated alkyl groups, substituted alkyl group, and branched alkyl group, even though it is usually found in saturated alkyl groups [42] . The PHA can be classified depending on the total number of carbon atom within its monomer as long-chain length PHA (LCL-PHA; 15 or more carbon atoms), medium-chain length PHA (MCL-PHA; 6 to 14 carbon atoms), and short-chain length PHA (SCL-PHA; 3 to 5 carbon atoms) [41] . Zinn and Hany [43] identified that there are about 140 monomers related to PHA, and this number increased with the introduction of new types of PHA with either through naturally occurring PHA, physical or chemical modification, or through genetically modified organisms (GMOs), which created a specialized functional group of PHA [44] . Thus, for various applications, PHA features diverse properties which can be tailored for applications ranging from medical products to biodegradable packaging materials. PHA is also considered as an active compound in pharmaceutical application, and currently being investigated for its potential as antibiotics, anticancer drug, anti-HIV drugs, etc. [45, 46] . Recently, upon reviewed by several researchers [45, [47] [48] [49] , it was reported that there were various types of PHA materials with their unique properties suitable for the specific requirement.
Commonly, the tensile strength, Young's modulus, and elongation are the consideration required for the specific applications for PHA polymers. According to Rai et al. [45] , the Young's modulus ranged from very stiff SCL-PHA (3.5 9 10 3 MPa) to very ductile MCL-PHA (0.008 MPa). Measurement of a material elongation at break is a stretch of original material length, which extended before it breaks and it is usually expressed in percentage. Chen [50] showed that PHA polymers can exist in different forms, including hard, rigid materials to the soft elastomeric material, which exhibited the wide range of elongation at break from 2 to 1000%. For PHA polymers, the tensile strength, which is the amount of force required to pull a material until it breaks, has typical range of 8.8-104 MPa [45] . The measurement of the aforementioned mechanical properties can be performed using a tensile testing instrument by standardized-based ASTM standards [51] .
Factor and properties of existing engineered reinforced composites/biocomposites
There is a large quantity of literatures related to the mechanical performance of reinforced polymer composites. Reinforced polymer composites can be divided into three parts, i.e., non-degradable, partially degradable, and completely degradable composites. The non-degradable composites are made from a mixture of synthetic fiber with petroleum-based polymer, i.e., glass-epoxy and glass-unsaturated polyester composites. Partially degradable reinforced composites are made from a mixture of either natural fiber or synthetic fiber with natural-based polymer or petroleum-based polymer. In this case, either the fiber of polymer matrix is nonbiodegradable or there is at least one component (either the fiber or polymer matrix) is biodegradable, i.e., sisal-epoxy, flax-polypropylene, and newsprint-polypropylene composites. Completely degradable composites or the so-called bio-composites are made from a mixture of completely degradable natural fiber and natural-based polymer, i.e., hemp-polylactic acid composites.
There are several factors that affect the mechanical properties of polymer composites [52] , such as the fiber characteristics, matrix behavior, interface strength, fiber dispersion, fiber orientation, processing conditions, and porosity. Fiber selection is very important. Each type of fiber has its own characteristics and properties. Furthermore, all plant fibers contain cellulose component as their major structure. Meanwhile, animal fibers contain mostly protein components. Regarding mineral fiber, it is banned by legislation in certain countries due to health and environment issues. In general, higher performance plant fibers have much better stiffness and strength, compared to animal fibers. However, certain animal fiber, such as silk, can be very strong in its strength, but having lower stiffness, and it is more expensive and needs time to be harvested [53] . Thus, this is the reason that plant fiber is more popular, due to its rapid growth and short harvesting time. Usually, the properties of natural fiber varied depending on the chemical composition, growing conditions, harvesting period, extraction method, treatment, and storage. The traditional manual harvesting method showed better results, whereas the flax fiber were found to have strength 20% higher than the modern mechanical harvesting method [54] , and the strength of the fiber was usually reduced by 15% over 5 days after mature harvesting period [55] .
Matrix selection is very important too, because it affects the overall bond strength of the composites. It also provides protections from environment, abrasion, corrosion, and load dispersion. Both thermosets and thermoplastics can be used to create composites reinforced with natural fibers [56] . Polymeric matrix is chosen due to its lightweight and strong properties. Furthermore, it can also be processed at a low temperature. Most natural fibers used in composites are unstable above 200°C. If the processing temperature cannot be reduced below 200°C, the heating time should be kept as short as possible, so that damage to the fiber can be minimized [57] . Thus, so far as the processing temperate is concern, only certain types of thermoplastics such as polyethylene, polypropylene, polystyrene, polyolefin, and thermosets such as epoxy, and unsaturated polyester (which cured at low temperature) can be used as a matrix for the composites [58] . Apart from the consideration of processing temperature, there is an emerging trend to replace the petroleum-based matrices with bio-based polymer matrices. According to Faruk et al. [59] , bio-based matrix such as PLA showed good performance in its mechanical properties and gave higher strength and stiffness if compared to polypropylene when it formed composites with natural fibers.
Large void in composites also influenced the mechanical properties of the composites, and much effort was done to reduce it, especially in synthetic fiber composites. Madsen et al. [60] identified that porosity in the composite structure exists due to the unintentional inclusion of air through processing due to uncompressible structure of fiber and matrix, or it was an effect of the entrapped air in the fiber lumens and other hollow features within fibers and fiber bundles, or limited fiber wettability by the polymer resin. Depending on the orientation and fiber type, increasing in fiber content increased the porosity of the composites, and more rapidly, once it had exceeded the compression geometrical limit. Madsen and Lilholt [61] found that the porosity of flax/polypropylene composites had increased from 56 to 72 m% when the fiber content increased from 4 to 8 vol%.
The most common composite fabrication methods include extrusion, compression, and injection molding. Sometimes, processing technique for polymer composite with glass/carbon fiber is adapted to fabricate natural fiber polymer composites. Flax fiber and polypropylene thermoplastics and flax fiber polyester thermoset composites were successfully fabricated using pultrusion and resin transfer molding [62, 63] . Factors influenced the material properties during fabrication include the speed, pressure, and temperature of the processing. High temperature may cause the fiber to degrade. In general, most of the thermoplastic and thermoset matrices can be reinforced with short or long, randomly or aligned oriented fiber, or fiber in fabric form, by applying used of compression molding technique, with the viscosity of the matrix is controlled carefully, especially during pressing and heating. This is to ensure that the specific sample thickness is achieved and the matrix is fully impregnated into the fibers.
Taking into the consideration of processing conditions, according to Ho et al. [64] , by controlling the pressure, viscosity, temperature, and holding time, good quality of composites can be produced. Fiber strength reduced as the temperatures reached the range of 150 and 200°C. However, if the heating is executed within 10 min, minimal strength reduction at approximately 10% can be realized [65] . In general, the optimum temperatures needed to be obtained, so that fiber degradation is minimized. This was demonstrated in a study conducted by Jiang and Hinrichsen [66] , where using optimum temperature of 150°C, the tensile strength properties of stacked flax reinforced poly(ester amide) composites were found to be at the highest. However, the flexural property was found to be less reliant, when the temperature below 150°C, and it reduced significantly at higher temperatures. The optimum compression temperature, which gave good mechanical properties for jute yarn, and bacterial copolyester Biopol were found approximately at 180°C [67] . For non-woven mat reinforced polypropylene, the highest strength was found at 200°C [68] .
Many studies showed that the best mechanical properties of composites were obtained when the fiber was aligned parallel to the applied load direction [69] [70] [71] . Nevertheless, natural fiber is difficult to align in one direction compared to the continuous synthetic fibers. Using injection molding technique for composite processing, only some alignment was achieved and the extent of the alignment was depending on the mold design and matrix polymer viscosity [72] . For sheet or compression molding, long natural fiber was used, they can be placed in sheet of cards prior and subsequently to impregnated, so that a higher degree of fiber alignment is resulted. Thermoplastic fiber can act as support for the natural fiber, when it is aligned in the yarn direction, as it being converted in the matrix. Carpenter et al. [73] and their composites exhibited improved flexural, stiffness, and tensile strength on their aligned and twisted flax yarn in epoxy matrix compared to just unidirectional yarn. Continuous fiber tape has been produced using the fiber pectin using water as adhesive, whilst stretched drying [74] . Continuous synthetic fiber or natural fiber can also be used in pultrusion and filament winding, as it gave better fiber alignment within the composite.
Apart from fiber orientation, other challenges in natural fiber composites include the fiber dispersion, and the non-matching chemical characteristic between hydrophobic polymer matrices and hydrophilic fiber, vice versa [75] . Usually, longer fibers increase the agglomeration tendency. According to Heidi et al. [76] , better adhesion interfacial came from better fiber dispersion, which is achieved by ensuring that all the fibers are fully surrounded by the matrix, which reduced the voids in the composites. Additive such as stearic acid was used in polyethylene and polypropylene to modify the dispersion, and maleated polypropylene (MAPP) was used to increase the interfacial bonding that increases fiber-matrix interaction, in which the dispersion was influenced with the pressure and temperature [75] . Fiber modification such as grafting can also be used, but it is far more expensive than other type of modification [75] . A few researchers suggested that using mixing processes such as twin-screw extruder would achieved far more intensive mixing than the single screw extruder as it led to better dispersion of fiber. On the other hand, the quality of mixing also depended on the screw configuration and extrusion temperature, and it may cause fiber damage and reduced fiber length [75, 77] .
Interfacial bonding plays a vital role, especially between matrix and fiber, as it is another main factor that determines the mechanical properties of the composites. Strong and better interfacial bonding cause increased in the strength and toughness of composites, which lower the crack propagation when force was applied and transfer within it. Unfortunately, limited interaction can be seen between hydrophobic matrices and hydrophilic fibers, which lead to poor interfacial bonding that limits the mechanical performance and lower the moisture resistance in long term. Wettability can be regarded as an essential predecessor to bonding, as it brought fiber and matrix into close contact. According to Chen et al. [78] , insufficient fiber wetting can act as stress concentrators which resulted from interfacial defects. The toughness, flexural, and tensile strength are affected by the fiber wettability [79] . Thus, chemical and physical treatments were used to improve the interfacial strength, which were associated with fibers wettability [80] [81] [82] . Heat treatment involves heating the fibers close to its fiber degradation temperature, which affects the mechanical, physical, and chemical properties of the fibers, such as water content, chemistry, cellulose crystallinity, strength, and degree of polymerization.
According to Pickering [83] , specific chemical changed the free radical production, chain scission, and formation, such as carbonyl, peroxide groups, and carboxyl, occurred upon heat treatment. Similarly, the effect of heat treatment relied on the exposed gases (either surrounding gases or gas in the heating chamber), time, and temperature, especially in the corona and plasma treatment. Cao et al. [84] showed that an increase in fiber crystallinity caused an improvement in the tensile strength above 60%, when using fibers heat treatment. Heat treatment was also improved sisal fiber strength by 37% [85] . It is usually related to the removal of aromatic impurities and increase in crystallinity. The heat treatment also resulted in more modest increment in composite properties; which is by 4% Young's modulus, 10% tensile strength, 33% flexural modulus, and 27% flexural strength. According to Huber et al. [86] , improvement on the interfacial bonding using electron radiation for polypropylene and natural fibers was found in the range of 21 and 53%. This was explained as an effect of the produced free radicals resulted cross-linking between matrix and fibers. Meanwhile, due to fiber defibrillation, mechanical interlocking, and increased in surface area due to fiber beating, 10% increment in strength was seen in Kraft fiber reinforced with polypropylene [87] .
Shah [88] found that the strengths are largely proportional to the stiffness for their natural fiber composites. Meanwhile, Zhang and Miao [89] showed that the composites reinforced with wrap spun yarn gave better flexural properties than the twisted yarn by discontinuous hemp fiber with polypropylene as carrier fiber, wrap spun by polypropylene, as well as flax silver with polypropylene, fiber wrap spun by polypropylene for unidirectional composites. Moreover, Baghaei et al. [90] also showed that using wrap spun hemp/PLA yarn from bleached hemp yarn and continuous polylactic acid strand to produce an oriented pre-preg (pre-impregnated fiber) gave better mechanical properties, exclusively in the form if biaxial lamination, which gave relatively high impact energy (25 kJ/m 2 ). Similar promising results were shown by Van de Weyenberg et al. [91] on their wrap spinning short hemp fiber yarn polylactic acid.
The development of composites is intended to produce high mechanical performance materials. Natural fiber composites can be handily produced using aligned fibers especially in reasonably raw form, or in continuous fiber or fabric form. Even though flax silver and flax yarn gave better performance, each state of processing required specialized equipment in the various stages involved carding, sketching, spinning, or hackling [91, 92] . It was noted that polylactic acid matrix outperformed polypropylene with higher properties, while another bio-derived matrix, shellac also showed comparable performance to polypropylene [65] . Table 1 shows the summary on type of fiber and matrix to form composites and their tensile and flexural strength, the respective methods.
Potential of bio-composites and/or hybrid composites in borneo-Acacia wood and biopolymer
Bio-composites is fully biodegradable composites, while hybrid composites is combination of additional element or composition in the composites, either additional fiber or polymer matrix. Recent studies showed promising results of biocomposites or hybrid composites using available fibers, generally in the world and specifically in Borneo, especially the fast growing Acacia wood fiber. Usually, Acacia woods were used as firebreak, separator, marking, and fence (tree protector) in Borneo due to its rapid growth and its adaptability to the regional climate suitability. Furthermore, the vast and wide timber forestation activities exposed soil to rain and other risk, which could cause soil erosion, and the Acacia wood is widely used in reforestation [2] [3] [4] . The reforestation with Acacia wood indirectly spurs the timber industries, especially in the production of timber derived products such furniture, pulp, paper, and composites [122] . According to Hayward [123] , Acacia have the ability to survive in the most challenging environment. The Acacia wood source, including those of damage wood and waste wood, can be processed and engineered easily due to its high process-ability and lightweight properties, compared with other man-made fillers. Furthermore, the derived lignocellulose filler from Acacia wood posed a few advantages over inorganic fillers (i.e., renewable, low density, less abrasive, and greater deformability). The modification using chemical treatment further improved the performance of the wood and matrix, as it altered the cell wall and changed the biological, physical, and mechanical properties [124] . Acetylation treatment is one of the natural fiber modification methods and it showed improvement in the lignocellulose mechanical properties [125] , as long as the treatment temperature condition does not exceed 100°C. According to Abdul Khalil et al. [126] , as the reaction exceeded 120 min at 140°C, it reduced the wood weight percentage, which was due to the degradation of cell wall of the due to high temperature. Hill et al. [127] stated that most of the reaction between chemical reagent and fiber depended upon the reactivity's of the relative of hydroxyl group in the substrate and the rate of reagent diffusion into the fiber. The order of reaction started from the removal of lignin followed by hemicellulose and a-cellulose. However, the degree of reactivity is directly affected by the type of plant fiber and the chemical reagent used.
A few studies found out that polymer composites reinforced with Acacia wood showed promising results. Mosadeghzad et al. [128] showed that the composites of Acacia wood sawdust treated with 10% sodium hydroxide (NaOH) and unsaturated polyester resin extracted from recycled polyethylene terephthalate (PET) showed [128] better result than the untreated composites. The highest tensile strength achieved was about 20 MPa and the highest flexural strength reached was about 43 MPa. Figure 1 shows the pullout of Acacia wood from the composites matrix.
Shebani et al. [129] found that the Acacia wood showed higher tensile strength (23.45 MPa) compared to Eucalyptus, Pine and Oak. The Increase in the strength of the composites was due to the careful control of the content of lignin and cellulose, whereas it gives better adhesion and dispersion between fiber and polymer matrix [130, 131] . The particle length of the Acacia also affected the composite strength, as it provided favorable and higher surface area that improved the wood compatibility and matrix polymer, which produced efficient stress transfer in linear low-density polyethylene matrix [129] .
Abdul Khalil et al. [126] showed that the modified acetylation Acacia mangium wood flour-polypropylene composites showed higher flexural strength of 55 MPa than unmodified Acacia mangium wood flour-polypropylene composites, which is at 45 MPa. Meanwhile, alkaline-treated Acacia leucopghloea fiber epoxy showed improvement in the impact strength, around 236 J/m compared to the unmodified composites with 220 J/m. Similar results were also obtained by Mylsamy and Rajendran [132] and Venkateshwaran et al. [133] . This may be due to the better interfacial bonding between fiber and matrix, which allowed energy to be absorbed and stopped the crack promulgation [134] .
Rusli et al. [135] conducted an experiment using 4-year-old clones of Acacia hybrid and Acacia mangium. It was found that the modulus of elasticity and modulus of rupture for Acacia hybrid (337 and 3.6 MPa) were far greater than the Acacia mangium (231 and 2.56 MPa). Almost all parts of Acacia wood have the potential to be utilized. One of them is the bark. Saini et al. [136] researched on the poly(vinyl chloride)-Acacia bark flour composites in terms of particle size and filler content. It showed that the tensile modulus of poly(vinyl chloride)-nano Acacia bark flour composites was almost double to the poly(vinyl chloride)-Acacia bark flour composites. The increase in tensile modulus was due to better reinforcing action of the micro-filler [137] . The filler particle dispersion and size within the matrix also affects the composite properties. In general, well-dispersed and small particles gave better properties [138] . Similar results also showed by Taflick et al. [139] for Acacia bark residues polypropylene composites.
Most of the studies showed a lot of potential on the use of Acacia wood in composites. In fact, Acacia wood can become the main type of wood to be planted and re-produced worldwide, and specifically Borneo. The cost production and maintenance of wood were also lower compared with other type of wood. In moving toward sustainability and eco-friendly, the use of Acacia wood, and degradable polymer, such as PLA and PHA, are not just as an alternative, but they could be main solution the depletion of non-renewable resources. The extraction of Acacia resin may be used to produce bio-based polymer, similar to those PLA and PHA. It has relatively high stiffness and strength, low CO 2 emission, renewable, low cost, biodegradability, and low-density properties [140] . Meanwhile, during processing, it is non-abrasive, which allowed strength and stiffness improvement in thermoplastics. Furthermore, some of the Acacia species are rich in tannins, which are related to polyphenols that largely used for water treatment, leather tanning, chemical product filtering, and pharmaceutical products [141] . Thus, this shows that more studies needed to be done on Acacia and its compatibility with purely degradable polymer as composites.
Variation of mechanical properties has been shown by Aji et al. [142] , where the hybridized pineapple leaf and kenaf fiber reinforced with high-density polyethylene showed increased in flexural and tensile strength, whilst reduced in water absorption and impact strength. Meanwhile, at a ratio of 3:1 and the total fiber content of 67%, hybridized banana and sisal fiber polyester composites [143] showed maximum tensile strength (56 MPa) . This was due to the small banana fiber diameter, which allowed stress transfer in the composites. This showed that there is a potential of bio-composites and hybridized composites.
Summary
Acacia and its associated polymer composites show promising potential, especially due to their superior physical and mechanical properties. Acacia wood's rapid growth and its adaptability in tropical climate demonstrates its potency in becoming the highly sustainable prime timber resource for industries as well as for reforestation. Enhanced engineering methods that include extraction, treatment, interfacial, and processing make it possible for Acacia wood bio-composites to be designed for each specific application ranging from biomedical application to packaging requirements. Advances in Acacia have revealed that its resins possess the properties of bio-based polymer, which may also be used in bio-composite fabrication. In addition, hybrid composites have shown promising to have a promising future as they minimize the usage of expensive materials and as well as reduce the use of petroleum-based polymer and synthetic fiber, which is nondegradable and non-environmental friendly. The challenges faces by researcher and industry are the high cost and low support from the government and industries, which, therefore, default to petroleum-based products.
